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The disovery of the rst diuse interstellar bands (DIBs) dates bak to the pioneering years of stellar
spetrosopy. Today, we know about 300 absorption strutures of this kind. There exists a great variety of
the proles and intensities of DIBs, so they an not be readily desribed, lassied or haraterized. To the
present day no reliable identiation of the DIBs' arriers has been found.
Many arriers of DIBs have been proposed over the years. They ranged from dust grains to free moleules
of dierent kinds, and to more exoti speimens, like hydrogen negative ion. Unfortunately, none of them
is responsible for observed DIBs. Furthermore, it was shown that a single arrier annot be responsible
for all known DIBs. It is hard to estimate how many arriers an partiipate in produing these bands.
The problem is further ompliated by the fat that to this day it is still impossible to nd any laboratory
spetrum of any substane whih would math the astrophysial spetra.
Here, a historial outline onerning DIBs is followed by a brief desription of their whole population.
Then, a speial attention is foused on the proedures trying to extrat spetrosopi families within the set
of all known DIBs.
Introdution
The presene of diuse absorption features in the optial spetra of reddened stars has been known for
many years (see [10℄ for extensive review). DIBs were rstly mentioned by Heger [8℄ and then onrmed
by Merrill [15℄. Their interstellar origin was established on the basis of orrelations between their strength
and parameters of the dust or gas, suh as reddening or atomi hydrogen olumn density. The name `diuse
interstellar bands' is given to all disrete features, observed in the spetra of reddened OBA stars, whih
remain unidentied.
Some 300 DIBs are known in total, spanning the wavelength range from 0.4 to 1.3 µm. The most widely
observed and disussed DIBs inlude those at 4428, 5780, 5797, 6177, 6196, 6203 and 6284 Å. By onvention,
eah DIB is identied by its entral wavelength in Å to four signiant gures. One exeption is that at
4428 Å, amongst the rst to be studied, whih traditionally has been rounded to 4430 Å. DIBs dier greatly
in shapes from very broad, e.g. 4430, to very narrow, like 6196 Å. Many of the bands are extremely weak;
their entral depths do not exeed 1% of the ontinuum in the majority of the observed stars. Preise
measurements of suh bands are still very diult and the published researh papers deal usually with the
strongest DIBs. The adjetive `diuse' may be slightly misleading, espeially in the ase of relatively sharp
strutures. DIBs are usually sharper than stellar lines observed in the same spetra. Nevertheless, the
name is justied by the fat that even the sharpest DIBs are still broader than interstellar atomi, ioni
or moleular features. The broadening of the proles of DIBs is presumably due to unresolved rotational
struture, possibly ompounded by lifetime broadening of the upper states.
During the past years the interest for DIBs has grown onsiderably, partiularly beause the new observing
tehniques and the improved quality of the spetra allowed a deeper analysis of their proles, highlighting
more and more details on their behaviour and therefore making them interesting andidates as markers of
the physial and hemial status of the interstellar medium. However, in spite of the higher resolution and
the exellent high signal to noise ratio whih an be obtained from modern spetrographs oupled to CCD
detetors, the nature of the arriers of the DIBs remains a mystery.
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The disovery of DIBs
In 1922 Heger [8℄ reported the disovery of two spetral features, entred near 5780 and 5797 Å, in spetra
of some spetrosopi binaries. These disovered features were onsidered as interstellar ones, however, it
was only in the 1930s when works of Merrill (e.g. [15, 17℄) onrmed this hypothesis. Merrill demonstrated
that these puzzling features did not partiipate in the veloity variations of spetrosopi binaries and
furthermore their strength inreased with distane and with the degree of the interstellar reddening of the
star that furnished the bakground ontinuum. That evidene was reinfored by the work of Beals and
Blanhet [2℄, and espeially by the extensive study of the broad feature entred at 4428 Å [5℄.
Bright, near-by stars obsured by one loud would be the most appropriate andidates for the study of
DIBs, however, number of suh stars is strongly limited. It is essential to mention that aessible early types
stars are usually either very distant or very slightly reddened, thus the moleular features of spetra are
either formed in several louds along any sightline or are too weak to be measured with proper preision.
When several louds are situated along a sightline, researhes get the average spetra and any interpretation
of suh spetra is more diult.
The next problem is ontamination of interstellar spetra with telluri lines. They are lines and bands
of the atmospheri origin. Many of DIBs our in regions masked by atmospheri O2 and H2O lines, so
overlying atmospheri struture has to be properly removed. To do so, one has to divide a given spetrum
by a spetrum of the standard. As a standards, the unreddened stars, like e.g. αPeg or αCyg, are used.
Canellation of atmospheri features allows new DIBs to be disovered.
The number of known DIBs keeps growing. The rst survey of DIBs was published in 1937 [16℄. In the
year 1975 the major survey of DIBs was published by Herbig [9℄. It ontained 39 DIBs (twenty of them were
observed for the rst time) deteted in the range of 4400-6700 Å. All these features were learly seen in the
spetrum of the heavily reddened star HD183143. The replaement of photographi emulsion by solid state
detetors for stellar spetrosopy has resulted in the detetion of many new DIBs. In his new survey Herbig
[10℄ plaed over 130 features and Kreªowski et al. [14℄ added to this wealth of data yet another 52 weak
DIBs. Galazutdinov et al. [7℄ presented an atlas of 271 DIBs between 4460 and 8800 Å, of whih more than
100 are new bands. Set of few features known in 1930s got muh bigger and now the number of DIBs is
around 300. However, existene of some of them is not suiently proved. On the other hand, many features
probably still wait for their disovery to ome.
The problem of DIBs' arriers
The identity of the DIB arrier(s) is a long-standing problem that has simultaneously fasinated and
frustrated researhers for very long time. The various proposals are reviewed in detail by Herbig [10℄.
Although numerous, the DIBs are weak and the sum of their absorptions is very small, e.g. in omparison to
the 2175 Å feature on the extintion urve (e.g. [22℄). Thus, the absorbers need not be very abundant. The
big number of known DIBs, and their widespread distribution aross the optial spetrum, strongly suggest
that more than one arrier is involved. Single speies of forbidding omplexity would be needed to aount
for all of them [9℄. Further support for multiple arriers arises from interorrelations of the features with
eah other and with reddening, suggesting the existene of several `families' (e.g. [13℄, [18℄). Origins in both
dust grains and gaseous moleules have been proposed. Features produed by solid-state transitions in the
large-grain population should exhibit hanges in both prole shape and entral wavelength with grain size,
and emission wings would be expeted for radii >0.1 µm [20℄; no suh eets have been observed. There is
also a lak of polarization in the features that might link them to the larger aligned grains. If the arriers
are solid partiles, they must be very small ompared with the wavelength. The possibility of a small-grain
arrier for the DIBs may be examined further by searhing for orrelations between their strengths and
parameters of the UV extintion urve. The ratio of equivalent width to reddening provides a onvenient
measure of DIB prodution eieny per unit dust olumn in a given line of sight. Typially, this ratio
displays a weak positive orrelation with the orresponding relative strength of the 2175 Åbump and a weak
negative orrelation with the amplitude of the FUV extintion rise [23℄. These results learly fail to establish
any rm assoiations: on the ontrary, it an be onluded that DIB arriers and the bump arriers are not
diretly related, as the bump is less suseptible to variation than the DIBs and still present in lines of sight
where the DIBs are negligible [3℄. The observations merely suggest that there is some orrelated behaviour
in their response to environment.
There has been a degree of onsensus in the reent literature that the most plausible andidates for the
DIBs are arbonaeous partiles that might be lassed as very small grains or large moleules - speially,
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PAHs and fullerenes [6, 10℄. Ionized speies are favoured over neutral speies as they have stronger features in
the visible. Observations show that the DIBs beome relatively weak inside dark louds [1℄, onsistent with
a redution in the abundane of the arriers in regions shielded from ionizing radiation. The weak negative
orrelation found between DIB strength and the amplitude of the FUV rise might be explained if they are
produed by ionized and neutral PAHs, respetively [4℄. However, identiation of spei DIBs with spei
speies is problemati, as the tehniques used to study their spetra in the laboratory introdue wavelength
shifts and line broadening [19℄ and this severely hinders omparison with interstellar spetra. As early as
the 1930s, the question was raised whether individual interstellar louds have idential spetra and, thus,
idential physial parameters. Herbig and Soderblom [11℄ demonstrated onviningly that the proles of
DIBs an be modied by Doppler splitting. These observations raised the hallenge of determining intrinsi
proles of the DIBs free of any Doppler splitting in order to ompare them with laboratory spetra. Suh
proles an be observed only in single louds. Kreªowski and Walker [13℄ showed that the relative strengths
of 5780 and 5797 DIBs were quite dierent in the spetra of dierent stars. This demonstrated that the
DIBs do not have a ommon origin and individual louds may dier both in DIB intensity ratios and in the
shapes of the extintion urves produed by interstellar dust.
Spetrosopi families of DIBs
As was already mentioned all known DIBs form very inhomogeneous sample. Some of them are relatively
strong, ontrary to the others whih are extremely weak. There are DIBs whih are narrow (e.g. 5797),
and there are very broad bands (e.g. 4430). This morphologial heterogeneity of observed DIBs indiates,
even without invoking the other arguments, that there are many arriers of DIBs. In 1980s researhers
started their tries to isolate families of DIBs upon their morphologial features (e.g. [12℄, Snow 1987). It is
expeted that a progress will be possible, and some arriers will be loser to be identied, when all known
DIBs are divided into spetrosopi families in suh a way that only one arrier is responsible for all bands
belonging to a given family [24℄. The dividing of suh kind is to do only by analysis of astronomial spetra.
But the task is not easy at all. The main obstale to isolating spetrosopi families of DIBs is the noisy
orrelation. Owing to the very high level (as the data analyzed by Wszoªek and Godªowski [24℄ reveals) of
noisy orrelation in observational data, the ability of the statistial methods to isolate spetrosopi families
is very limited. The tight linear orrelation, expeted between members of the same spetrosopi family, is
eetively hidden by noisy orrelation and the measurement errors.
Disussion
Within the Milky Way, DIBs have been observed towards more than a hundred stars and there is still no
denitive identiation of DIB arriers. Reent studies indiate that the environmental behaviours of DIBs
reet an interplay between ionization, reombination, dehydrogenation and destrution of hemially stable
speies. It is therefore of interest to study DIBs in dierent environments, inluding external galaxies where
many DIBs were also found (e.g. [21℄).
From the other side, interdisiplinary study of the problem seems to be of ruial importane here.
Astrophysially oriented laboratory experiments are probably the only way to identify arriers of DIBs. 85
years after the rst disovery of DIBs one has to agree that the full solution of intriguing problem of their
arriers is still ahead.
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